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Certain material mixtures, i.e., composites, can have a
desired blend of thermal and mechanical properties;
while often no single material, with these same proper-
ties, can be easily
identified.  It is for this
reason that composite
research has bur-
geoned within the last
few years.  Fabricating
a composite suitable
for a particular appli-
cation is, however,
seldom an easy task.
The composite de-
signer has an almost
unlimited number of
variables to choose
from. These variables
include a choice for
constituent material
composition, the vol-
ume fractions occu-
pied by each con-
stituent, plus morpho-
logical considerations.
Examples of the latter
are laminates, particu-
late and fiber inclusions embedded in continuous ma-
trix phase, weaves, and combinations of these.

As a consequence of the large number of variables, there
seems to be a nearly inexhaustible possibility for find-
ing novel composites with new and desirable thermal
and mechanical attributes.  To circumvent a large
amount of unnecessary and costly trial-and-error ex-
perimentation, there is a need to develop better physi-
cal-based models as well as numerical techniques to
implement these models.  These tools will provide a
better theoretical understanding of complex composite

systems.  The ultimate goal is to be able to predict the
properties of a composite by knowing the properties of
the constituents, plus the chosen volume fractions and

the morphology.
This includes high-
velocity impact and
wave propagation.

Homogeneous treat-
ments, involving
standard finite-dif-
ference hydrody-
namic methods and
average material be-
havior, may be all
that is required in
many of these dy-
namical situations.
However, in other
cases, highly accu-
rate numerical solu-
tions may be needed.
We have undertaken
the task of developing
one such method.
The method is called
the nonhomogenized,

dynamic method of cells (NHDMOC).  The NHDMOC
theory is based on an accurate ansatz for the particle dis-
placement field, relevant equations of motion, constitu-
tive relations, plus conditions of stress and particle dis-
placement continuity applied to all material boundaries.
It is superior to standard hydrodynamic methods in that
it consistently requires considerably coarser spatial and
temporal grids, and a much smaller (even zero) artificial
viscosity, in comparison to hydrodynamic methods.  The
fact that smaller artificial viscosity is required can
be expected to be very important when the theory is
applied to complex heterogeneous structures where
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multiple reflections and transmissions at material bound-
aries will produce true physical ringings that should not
be a priori damped out of the numerical solutions.

As an example, we have
applied the NHDMOC
theory to model a shock-
wave experiment involv-
ing a unidirectional, fiber-
reinforced, epoxy-graph-
ite laminate.  The micro-
structure is shown in Fig-
ure 1, and a schematic of
the experiment is shown
in Figure 2.  Constitutive
relations suitable for the
various materials are
used in the calculation.
This includes linear and
nonlinear elasticity, and
when appropriate, vis-
coelasticity.  The flyer
consists of a 1.557-mm
Z-cut-quartz impactor
backed by a 5-mm
polymethylmethacrylate (PMMA) slab.  The
bilaminate has 19 bilayers: one layer of each bilayer is
an epoxy-graphite mixture, and the second, much thin-
ner layer, is pure epoxy.
The graphite, in the mix-
ture, is distributed uni-
formly throughout the
layer.  The bilaminate is
backed by a 5-mm
PMMA window.  In the
experiment, a VISAR
(Velocity Interferometer
System for Any Reflec-
tor) was used to measure
the particle velocity his-
tory at the bilaminate-
PMMA interface.  The
impact velocity of the
flyer was 500 m/s.  In
Figure 3, the experimen-
tal and theoretical particle velocity profiles are shown.
Overall, the agreement between the NHDMOC theory
and the experiment is very satisfactory, demonstrating
that the method provides a useful technique for such

calculations.  The high-frequency oscillations are
caused by the laminations in the sample. The
NHDMOC theory captures, with precision, even these

fine details. This ex-
ample shows that as the
NHDMOC method of
solution is investigated
further and matures, it
may become the stan-
dard approach for wave-
propagation calculations
in composites and other
heterogeneous materials.
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